Introduction
The overall healthcare cost to governmental as well as nongovernmental authorities following injuries to the human body is substantial. The same holds true also in Sweden [1, 2] . Although it is somewhat difficult to estimate the total sum on a global perspective it is concluded that the costs will increase enormously within the next decades. One of the reasons to that is the demographic scenario of a substantially increased elderly population. Today elderly people are very active in various sports. However, with growing age the human body does not keep in line with those activities. As a consequence, it can be foreseen that this will result in a significant increase in injuries such as brain and bone tissue among the young and adult population and especially among elderly people. Thus, the need for prevention of these injuries is huge. This demands the search for the development of new analyzing methods on a molecular level when it comes to evaluate different prevention products reducing traumatic 
Sci Forschen
O p e n H U B f o r S c i e n t i f i c R e s e a r c
2

Journal of Neurology and Neurobiology
Open Access Journal metabolic functions may be jeopardized following traumatic brain injuries in all ages. Recently the mature protein structures of laminin were analyzed with electrophoresis and Electron Microscopy (EM) following dynamic and semi-static impacts. It was found that both impacts resulted in unfolding of the LN521 structures [4] . Thus, as a complement to existing simulation and mechanical methods laminin and other protein structures may be excellent structures to be used when analyzing the effects of composite materials for the prevention of especially traumatic brain injury.
The purpose of the present investigation was -to evaluate the consequences for laminin structures upon dynamic impact without and with polymer materials aiming at the development of new analysis methods on molecular levels in the search for effective products to prevent traumatic brain injury and dementia all ages.
Materials and Methods
Mechanical investigation
The first mechanical laboratory method for dynamic impact with subsequent analysis of the 774kDa laminin molecule was a dummy consisting of a steel body form of 5 kg weight falling from 60 cm height and at an impact speed of 3.3 m/s or 11. 9 km/h ( Figure 1a ) [5] . The second method was a dummy consisting of a Hybrid III head form of 3.9 kg weight falling from 55 cm height and at an impact speed of 3.1 m/s or 11. 2 km/h (Figure 1b) [6, 7] . Normally, a number of different materials are analyzed in the search for the optimal material to reduce an impact force to the head. In the present analysis a Styrene Butyric Rubber was chosen as it has not been considered in this regard. Thus, for the dummy steel body form ( Figure 1a ) the investigated polymer structure analyses of laminin, in all 10, were defined as Styren Butyric Rubber (SBR) and a hardness of Sh 60 and Sh 81 with spikes ( Figure  2a ). For the dummy Hybrid III head form ( Figure 1b ) the investigated polymer structures, in all another 10 analyses, were defined as SBR and with a hardness of Sh50 and Sh70 (Figure 2b ). The polymer structures were placed between the basal plate and the respective dummy. After impact the polymer structures were analyzed with regard to forces and translational acceleration and compared with that of control. The first laminin solution of 0.2 ml were the control and analyzed without any impact. The second laminin solution of 0.2 ml, in all 10 solutions, was exposed to a dynamic impact by that shown in figure 1a. The third laminin solutions of 0.2 ml, in all 10 solutions, were exposed to a dynamic impact as shown in figure 1b. Following the dynamic impacts all laminin solutions were evaluated with denatured electrophoresis and EM, respectively.
Denatured electrophoresis
The samples were analyzed by denaturing polyacrylamide gel electrophoresis (PAGE). In denaturing electrophoresis, both the treated and untreated laminin samples were mixed with 5x loading buffer containing sodium dodecyl sulphate (SDS) and heated at 65°C for 10 minutes before loading on the 4-12% (steel body form) or 14% (Hybrid III head form). Tris-glycine gel (Thermo Fisher Scientific) [8] . The electrophoresis was then started by applying 150 V and ran until the blue front reaches the end of the gel [9] . The bands in the gel were visualized by silver staining using Silver quest silver TM staining kit (Thermo Fisher Scientific).
Electron microscopy (EM)
1-3 μl aliquots of the impacted specimen were applied to glowdischarged carbon-coated copper grids, blotted and stained 30 s with 2 % (w/v) uranyl acetate [10, 11] . The grids were checked using JEOL JEM-2100f transmission electron microscope (JEOL, Japan) operated at 200 kV. Images were collected with TVIPS TemCam-F415 4k × 4k CCD-camera (Tietz Video and Image Processing Systems GmbH, Gauting, Germany) using a nominal magnification of 80,000.
Results
Dynamic impact with steel head form
When evaluating the ten laminin solutions after the dynamic impact from the steel body (Figure 1a 
Denatured electrophoresis:
The ten force treated samples did not show any laminin fragmentation or aggregation or any significant differences compared to control samples ( Figure 4) . Also, in contrast to earlier force treated samples no major low-molecular weight fragments of laminin were observed. Further, by comparing the pattern between control and force treated samples there was no extra band found in the analysis. Thus, there seems to be no substantial difference compared to laminin controls between the two Sh 60 and Sh 81 polymers.
EM: Dynamic impact with steel head form did not cause any major visual change to laminin samples as compared to control specimen in negative stain EM ( Figure 5 ). Increased aggregation of laminin, as was observed to take place in laminin samples with dynamic impact force without the polymer structures [4] , was rare.
Dynamic impact with Hybrid III head form
In contrast to the steel body form having a pure steel surface, the Hybrid III head was equipped with a softer surface. From figure 6 it is shown that the dynamic impacts from six controls were defined to an average of 496 G after approximately 0.0045 s (B). This was followed by some bruises of unknown origin (A). Then SH 70 showed a reduction of the translational acceleration to an average of 296 G after approximately 0.005 s (C), thus reducing the acceleration with 40 %. The reduction with Sh 50 was set to 238 G after approximately0.005 s (D) responding to 52% reduction. Also, the forces were reduced from initially 19,0 kN to 11,13kN with Sh 70 and to 9,0kN with Sh 50, thus a significant reduction.
Denatured electrophoresis:
As was found in the electrophoresis following the steel body form impact, no strong fragmentation of laminin into new low-molecular weight bands or aggregation of the laminin structures were detected compared to controls. Also, no difference was observed between the different laminin bands in tested Sh 50 and Sh 70 polymer materials (Figure 7) .
EM:
When analysing the laminin with EM there seems to be no difference between the control samples and polymer structures. The use of polymer materials Sh 50 and Sh 70 did not show any difference in the laminin structures between the two tested polymers. Nor was major aggregation detected on the laminin samples (Figure 8 ). 
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Control
Sh 60 Sh 81 showing neither difference to controls nor between the two different hardness polymers. Scale bars 100 nm.
Discussion
The present results show for the first time that analyzing proteins with electrophoresis and EM in the search for improved protection material against traumatic brain injury may be an important complement to existing simulating and mechanical evaluations. The results from both steel body (Figure 3 ) as well as Hybrid III ( Figure  6 ) impacts show that the present polymer materials have a positive outcome when it comes to save the laminin structures for a normal cellular metabolism following an impact. Also, the difference in hardening, design and types of spikes of the material is of importance to reduce the absorption of the impact force to the head. Of special interest is the figure 6 showing a clear picture of polymer materials compared to controls. However, based on the present results one must bear in mind that it is not possible to exactly quantify whether or not there are any denaturations of laminin structures. Comparing the mechanical results shown in figure 3 and figure 6 , it is clear that the impact force reduced regardless of impact loading. Also, it is plausible that the softer polymers tested herein may be used instead of today's existing hard outer shell in helmets. Further, by using laboratory methods shown in figure 3 and figure 6 it is relevant to differentiate between less preventative materials from more optimal materials. Thus, analyzing mechanical force and acceleration in combination with molecules active in cellular metabolism such as protein structures may become the ultimate choice in finding the most effective material to prevent traumatic brain injury and future dementia in all ages. Elderly people ageing 65+ have an increased risk of head injury mainly due to imbalance and fall. A Swedish investigation has recently shown that traumatic brain injury substantially increases the risk of developing dementia among elderly people [12] . To prevent geriatric dementia following traumatic brain injury it is important to find any basic denominators between traumatic brain injury and geriatric dementia. In simulation and laboratory studies we found a protein disturbance including fragmentation and aggregation after both dynamic and static impacts to the head [4] . The protein disturbance seems to be in line with the protein disturbances observed among elderly people with geriatric dementia. The protein disturbance may, among other clinical conditions, result in swollen brain tissue and which is devastating, especially among elderly people. The same holds true also among younger and adult athletes. Despite new and improved head protection systems the number of head injuries are still unacceptable high. By using evaluation on a molecular level as shown in the present study, the search for the most optimal head protection systems may be facilitated. In common for traumatic brain injury and geriatric dementia, no matter of age, is thus a metabolic disturbance in protein metabolism and which may, to some extent, be prevented by different innovative safety products. All these innovations aimed for adult and elderly people have the potential to absorb the transferred energy into the head and brain tissue following a fall. Thus, the most optimal activity to avoid injuries among elderly individuals and to some extent consider the reduction of dementia after traumatic brain injury is to fully prevent them and this opens up for a number of innovative safety products including construction of safety systems like headband, gloves and floors. Besides, increased physical exercise has become very intense among the population all ages as it may help to keep alert also in elderly persons of 65+. As a consequence, there is a need for the construction of new safety products but also improvement of existing preventative products when it comes to protect especially the head with brain tissue against traumatic brain tissue impacts of different severities and its secondary complications such as cytotoxic brain tissue edema and dementia. Today most of the evaluations of safety products rely on mechanical impacts in the laboratory sphere. Indeed, new insight to the consequences of dynamic and static impact to the head and brain tissue has seen the light during the last decades. Among the laboratory investigations to be mentioned are algorithm methods which have become popular to use in the laboratories worldwide. Indeed, algorithms are procedures of well-defined instructions designed to improve the pure mechanical investigations. However, as always when using various models for calculations such as finite element methods, data are taken from the human data base and included in these methods. Further, these algorithms often require an end of the simulation procedure. This is in contrast to secondary complications in traumatic brain injuries which continue long after the onset of the impact to the head. Also, it must be stressed that such models are just mathematical models built on different assumptions and simplifications that cannot be implicated in advanced systems like the human brain and other body organs. Thus, there is a need for better and more advanced analyses taking into consideration the molecular aspect following an impact.
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To further improve evaluations of new material and safety products, there is a need to focus on the interference of dynamic and static impact also on a molecular level as mentioned above. In this regard there are a high number of proteins distributed in the whole human brain and which should respond to a dynamic or static impact when severe enough. Thus, earlier simulation methods and laboratory investigations have shown on fragmentation and aggregation of proteins when the impact is severe enough [13] [14] [15] . Of special interest are the proteins laminin which are abundant in the human body and which have been used for laboratory investigations [3] . The laminins belong to a large family of at least 16 isoforms in higher 
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organisms. The different activities of laminins are important for the basement membrane contributing to the structure of extracellular matrix thereby influencing the behavior of associated cells including adhesion, differentiation, migration, et cetera [3] . Thus, the potential use of laminins in clinical neuroscience focusing on the treatment of secondary complications may in the future become important when it comes to better understanding of the secondary complications such as cytotoxic brain injury edema and dementia after traumatic brain injury. In the present study two different impact dummies were used. The hard steel body form had a reference wooden material as basal platform and with the polymer products in between them. In contrast, the softer Hybrid III head form had a platform made by steel and with the polymer material products in between them. The conclusion is that the polymer products caused a reducing effect regardless of dummy construction or basal platform impacting the polymer and which may have implications when it comes to develop new analyzing methods at cellular levels or molecular levels in the future. In an earlier study we showed that laboratory dynamic impacts of around 500 G resulted in fragmentation and aggregation to the laminin structure [3] . To the best of our knowledge the present study shows for the first time that polymer structures of different construction and different softness or hardness have the capacity to reduce both the force as well as the translational acceleration substantially in parallel with saving the mature laminin structure as confirmed with denatured electrophoresis and EM. These materials and others 
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Conclusion
Connecting algorithms for simulation and mechanical laboratory methods with that of analysis on a molecular level does not only have the potential to find the most optimal safety products when it comes to primary prevention of traumatic brain injuries and related dementia. It may also result into a better insight in understanding secondary complications such as cytotoxic brain tissue edema and dementia and the overall treatment of injuries in clinical neuroscience, no matter of the victims' age when an impact is received.
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